


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1950-05 


An analysis of some differences between one 
and two-handed industrial work. 


Ischinger, Eric 


Purdue University 


http://ndl.handle.net/10945/24603 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 

D U DLEY research materials and institutional publications created by the NPS community. 

get Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
KNOX appointed — and published — scholarly author. 





LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


AN 
Al 
ae a 
WE 
| : 
en 
It Or 
i 7 ¥ 
TTS = Al > 
LF : ‘. me 
rat mM 
: | ; ae le ee) 
Tt Th : 
(0-1 Rw} 
: 


I 
c 
schi 











AN ANALYSIS OF SOME DIFFERENCES BETWEEN 
ONE AND TWO~HANDED INDUSTRIAL WORK 


-*iAT 
¥ 
A Thesis 


Submitted to the Faculty 
of 
Purdue University 
by 
Bric Ischinger Jr. 7/7’ ~ 7 
In Partial Fulfillment of the 
Requirements for the Degree 
of 
Master of Science 
in 


Industrial Rngineering 


June, 1950 


Ue Se Eee MS fo BrerlAed aA 





aed 


Cisweed wc of Bad) cote 


\ oh Sepa pe 
a to Soe Let eens me 
ertge Oc) el GrOnroLe ow 


\* 


* 


mi berwn get (4° eer 


vb. oe, 


jar 
1 > ee! Rartorcqesom Gree 


? 4 


WitA > aN ' 13 Ur 


ACKNOWLEDGMENT 


The author wishes to express his gratitude 
to the many persons who have contributed much of 
their time and effort in making thie study pos- 
sible. 

Much credit is due Professors H. T. Amrine 
end W. J. Richardson for their valuable advice, 
suggestions, and encouragement. It was through 
them also that access was gained into the plants 
in which the studies were made. 

The author is indebted to the Colgate-Palm- 
olive-Peet Company, Jeffersonville, Indiana, the 
Dunean Blectrie Company, Lafayette, Indiana, and 
the Stephen A. Young Company, Flora, Indiana, for 
making available thelr personnel and facilities. 
Sincere appreciation 1s extended to the personnel, 
both in the offices and the shops, for their as-~ 
sistance and cooperation without which this study 


would not have been possible. 


a ; 
-1 oe o_o 
. '<—-~* = ’ 


——— — _ 
| te pS 
20 Una DANI INEHOD eve ary AeOKEG pa Ad od 
98 Foros «+ hit gata al sere tins osts sinde 
aide 
ectwee .T .0 sreesclow® oof «2 eiteae dom 
captrie Olueeder thedd 96) coedindedt 15 .* bos 
eer! cow 43) Cteeereiterer Boe simleeopgue 
etuels GY ote) feats new expense fed oole ene 
thes) ue es dhotde we dptow of 
“WLOI-OfNQ Ih) ud at Dotdehat i cuttua ec? 
See aeethod .cehe~ttal .goeaeol oivize cca 
wo 2m thet ,9tolt (Caegwet _avey .A @edyert ate 
ee Toit tort bem Denmening tod? siteLiorva po ting 
LIamoawe > nd? SF Betantee ef nme donenge eron ts 
~«® <bhe’ 492 .eceie of? Bee eectiie ei? at Aree 
Quiae olds Sette sveds be finddewqo0s ew soaets te 
mid eeta Ged avEn ten. Giwwe 












Se Ss; f 


TABLE OF CONTENTS 


ABSTRACT 


er aesters 06 0504 8 24 4 Bers Ba were’ © 6 4 OSS te tab as 


INTRODUC 





1 
PURPOSE... ccc scccscccccvcrcccccsscccsssvccsecsesscesee & 
oo) ee en ee i ra Mitton: 
TY CL a ee LLL Le ee ~- 8 
| OT TET LE civtscserss 
DISCUSSION OF RESULTS... cc ccc ccnccccrccrcsescccsccesece LB 
a Ff: PPrrrrrerrrrrrrerirrrrerrrrrr rr rrr rere rer rrr ee | 
gt OPP TTP EETETEOEEECLER TT Tree eccceccse LS 
I ni tgs er er ce pe eessgccesaroepecsecccrse BO 


cemmerMoD WO Beat 

omit —— 

TOA GIS fie 
eee Cee eee ee oe ee nee om onli SPOUIONPM I 
AE OREN Ren ERO 8 Hes ees ee eww eee - eee BAO 
ererrett ities tert re tite ee eee) 
Device canto tice pes tases tawen ts teens seer ere eneens ARS 
BE eee eet ee RR ON EOE nab ees reste ee orm. MER 
BL siete ete eee tree epeietens oes ow QR Gl SOLO 
bY eee eer Dl 
oi 2A ema et Oem pte omen cep kb net eee ell 
BE renee ee reer ee aml etn ee te ee) MOLT 


a - » o ~wtqgye ' 4 a. 


- f & 





© i heme We eqn ue ie 


e e rw =z set @ =—= 


-—- e -_-* SEE oe eS —2-: -_ 


sea ies i ale | a tie 29 ae 

—— - : —— 2 ~_ = eae 3 ¢ ates f « 
seem: = & —a Te i « —_ - - 
e —_— _ - ee 6 eae * O= 


LIST OF TABLES AND FIGURES 


List of Tables 


Mean job cycle ED) « 2 ee ud bed bb 2S 6 OM A 6 ee OO 28 


Percent increase in mean job cycle times......... 


Veto packeging cycle times, operator 1.....-.cecee 


Veto packaging cycle times, operator 2......... ss 


Veto packaging cycle times, operator 3..........0. 


Tooth powder packaging cycle times, operator 1... 


footh powder packaging cycle times, operator 2... 


Halo packaging cycle times, operator 1....ccaseee 


Faucet sub-assembly cycle times... .s.ccesccccccrcce 


Watt-hour meter sub-assembly cycle times......... 


Calculation of is seen oe ot eases be nee in ee 2 ee 


Computation of correlation coefficient.........e6 


List of Figures 


Seattergram of cycle time vs. percent 


increase in cycle time... .ccscccccecececsccasecs 


Histogram of frequency distribution of 


Table 
1 
2 
5 
% 
5 
6 
7 
8 
fi 
10 
11 
12 
Figure 
. 
2 
percent 
5 Workplace 
4 Workplace 
5 Workplace 
6 Workplace 
7 Workplace 


inerease in cycle time......c.ccccscscce 


for 
for 
for 
for 


for 


Veto packaging. ........00. peed toes O@ 
tooth powder packaging... ..c.ccccseee 
Halo packaging. .ccscsccccccssesseve 
faucet sub assembly... .cccccescccers 


Page 
1Q 
11 
19 
20 
21 
235 
24 


& 


30 
OL 
OO 


Page 


16 


17 
18 
Ze 
25 
27 
29 


—_ — . 
Oe 
mia wy fel 


SSE Ceerrery advye 
Gh cece ead motorman enmid siege palgsilcog tev 6 
OF setenren exteseas ematé vines peixitasn M40" “S 
DB score 8 Heeweae eauld Liew salkatsee ote A 
sod yotewins enatt Adoye Rhlaloen thbwoy Auor Ee 
Aa... weiononn snails Alege Biltydnay wibwin Bovey F 
MD cciviescvesk Steg ,seult note potatoes =" oo 
WW crevevese-cer ess, badd olage Yidmeseiw feanse o 
OO ccccce HMO eLiog Gitmeenn-Eue eter Gwan-seee OF 
ID ccaroeservesesntsees peeopoer eens OG COMBI MA 


-> 

















irwewed bv eats efoyo Vo mreparstace =f 
BL ccskwvcccnseessteessees. URS alege mi ecerenns 

So entaudisée lt) yomeggere? Le eesnerete = of 
FE ance creates c Oat t arty efo~w of seeeser! teronry 


BE cence ecun sees pecs ellipesiogng 88T “Oo euetgésee 5 
BS pcevbas sh anet witoetioed whbwoq @oear 107 tenlqaier = 6* 
Oe qcebes hc tamwos mst +. Me ieseeg Bish wo) eoehqéco?® = 6 
OE swiecs saceverest eicescte-t Those 407 soning = 6 

7 


ABSTRACT 


In the system of stop watch time atudy advanced by 
Dr. M. HE. Mundell the rating of an operator's performance 
is based upon a comparison between the pace or rate of 
activity of the operator and a standard rate of activity. 
A correction is then applied for what are now termed ale 
lowances and secondary adjustments. © One of these second- 
ary adjustments is made for bimanualness or bimanual ac- 
tivity. For the purpose of this discussion a bimanual 
operation is defined as one requiring the simultaneous 
symmetrical motion of both hands. 

Previous studies” conducted at the University of Iowa 
show a difference in cycle time between one and two handed 
operations of approximately 30%. The adjustment now ap- 
plied for bimanual activity is 10% based on the above fig- 
ure tempered by judgement and experience in application. 
It was the purpose of this study to subatantiate the pre- 
vious research in part and to determine a more nearly eor- 
rect value for this adjustment. 


It was intended in this experiment to minimize the 





1. M. Be Mundel, Systematic Motion and Time Study; (New 
York, Prentice Hall, 1947) p. 126. 





2. M. &. Mundel, Motion and Time Study Principles and 
aaa (New York, Prentice Hall, 1950) Chapter 18 
Manuscript before press. ) 


Se R. Me. Barnes, M. £. Mundel, and J. M. MacKenzie, 
"Studies of One and Two-Hended Work,*® (University of 
Iowa Studies in Engineering, Bulletin 21, 1940). 
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error in the previous leboratory study believed attributable 
to inexperience and laboratory conditions. For thet reason 
the subjects in this study were experienced operators doing 
industrial jobs requiring bimanual activity. <A total of 
eight operators on five different operations were selected. 
keaeh operator performed the operation first bimanually, 

then with the preferred hand slone and finally with the non- 
preferred hand. <A short practice perlod was included be- 
tween each phase. 

Bach study was recorded on 16 mm. motion picture film 
with time included by means of having e microchronometer 
placed in the field of view. This procedure made possible 
a very accurate determination of cycle time. A sufficient 
number of cycles were photographed to obtain a statistical- 
ly reliable mean cycle time for each operation. 

From the mean of the cycle timez there was calculated 
a percent increase in cycle time required for bimanual 
activity over that required using the preferred hand. The 
mean percent increase in cycle time was found to be 17.8628. 
Sinee the percent increase in cycle time 1s symmetrically 
Gistributed about the mean, the mean is the best measure 
of central tendency.4# It is concluded then that « value 
of 18% 1a more nearly the correct adjustment to be applied 


for bimanualness. 





4. P. G Hoel, Introduction to Mathematical Statistics; 
(New York, Wiley and Sons, Inc., 1947) p. &, 18. 
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AN ANALYSIS OF SOME DIFFERENCES BeTv BEN 
ONE AND TWO-HANDED INDUSTRIAL WORK 


INTRODUCTION 


"Stop wateh time study is used to find the amount of 
time necessary to accomplish a unit of work using a given 
method under given conditions of work, by a worker pose 
sessing a specified amount of ekill on the Job and a speci- 
fled aptitude for the job, when working at a pace that will 
produce, within a unit of time, a specified physical ef- 
fect upon hin. "+ 

There are four principal steps in the mechanics of 
taking a stop watch time study, namely: 

1. Recording the method. 

2. Recording the time. 

Se Rating the operator. 

4. Application of allowances and secondary adjust- 

ments. 
It is a very small portion of the fourth step listed which 
is the subject of this study. 

In the system of stop weteh time study advanced by 
Dr. M. EB. Mundel, rating, which is the third step mentioned 


in the preceding paragraph, is accomplished by relating 





lL. Mundel, Systematic, p. 128. 
Ze Ibid. 


t= Mee KSOEROOTDT SMCS WO ESHTUaHaA GR 
—s wr seDVTOD CRACOW OA EEO 


_——_ —d ole « GP @€) ote ee oft 
Be, ee ee 
a e @& aw —< py ae *- 


‘Wo teers of QyEt of bese et Ghote eaif sede cose” 
aeviy © anlee aioe To tice po se liguccse oF presuapea amis 
vee wan o OO {xtOw Lo enoliiiwoy sel le coke Sodsten 
-soegw & Gut COf eff s0 {litle So Somme bettiosqe @ atbewoe 
iliw fads e4e4 © 9% geletter negw . dot sa0 40% statiggqa belt 
- te [aatwte totifosor @& .amts To cine a atitie ouberq 
i. het nage 200% 
2m sofmecioncr sa" ef of994 ieqtenite seo? eve eued? 
= -borduw edt gafitooeP .f 

avid edt gribtoeen = 22 
~vealee Corbucses bar renaweni in te nolvaeliqgn sh 

“L. fe« ° ,27het 

i> tte bete ii esdn ceavot ect to soitcoq [iam yiev # el oi 
itbade 2itd to geotdve ed! af 

TS heservhe “yhwee salt dofue cete 20 metwm ef? at 
enciivew cove Oslin’ ef" ot sitlaw .gaited ,iehbae® 2 .6 
potdelenr ce Uedeliqgazsee ef ,d-ewweateo aetibeoety «Al ai 
081 44 otamanseue abo. 
it |e 





Ze 


the performance of an operator to a standard by a compari- 
son of pace alone. The fallacy of such a system without 
seconcary adjustments for job difficulty is apparent when 
one considers the following exaggerated cas6. Suppose the 
rate of activity of # worker handling fifty pound weights 
is cOmpared to that of a man deeling cards as a standard. 
Due to job difficulty the pace st which the former works 
cannot possibly approach that rate of activity which is the 
standard. An adjustment is therefore made to the rating 
for the degree of Job difficulty - in thia case the weight 
handled. In a like manner, but to a lesser degree, an ad- 
justment must be made for bimanual activity. 

In studies” conducted at Iowa University there was 
found to be an increase in cycle time of epproximately S0¢ 
when performing a simple operation bimanually over that 
needed to perform the operation with only one hand. From 
experience in the application of the adjustment for bi- 
manualness it hes been determined that a value of 30% 1s 
too great and an adjustment of 10% is now being used. 

an examination of the Jows studies suggests that the 
error believed to be included in the results might be at- 
tributed to a lack of experience on the part of the op- 
erators. The operators were students whose performances 
were recorded efter a minimum of training. #qual trainee 


ing or practice periods were allocated to each phase of 





S. Barnes, Mundel, MacKengie, Op. Cit. 
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the study. The operstors performed the operation first 

with only one hand and then bimanually. Although the 
operation was a relatively simple one, it is possible that 

a marked degree of proficiency was attained using only one 
hand and that the same degree of proficiency was not reached 


in the bimenual operation, 
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PURPOSE 


The purpose of this investigation is to determine the 


adjustment for bimanualness which should de applied in mak- 


ing a stop watch time study when using a pace-rating system, 
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PROCEDURE 


This experiment was designed primarily to eliminate 
lack of experience as a factor influencing the resulta. 
Operators were selected who had considerable experience or 
who demonstrated the equivalent in aptitude and proficiency 
on bimanual jobs in industry. It appears reasonable to 
eoneclude that these operators must possess equal skill in 
using only one hand separately to do the identical job. 
any lack of familiarity or awkwardness in performing the 
job with one hand was minimized by sllowing short practice 
periods for the operators. 

In addition it was intended to minimize all variables 
except those which are uniquely attributable to bimanual 
activity. Jobs were selected which required a minimum of 
eye-hand coordination in order to minimize the effect of 
that veriable for which a separate correction is made. 

The weights of parts handled by the operator were negli- 
gible and no part of the cycle was machine paced. It might 
appear that a wide range of job cycle times is desirable 
for a atudy of this kind. However, all but two jobea se- 
lected had comparatively short cycle times. A short cycle 
was characteristic of the jobs from which the selection for 
this atudy wes made and ig typical of a wide variety of 
bimanual jobs. Hight operators on five different jobs 
were selected. 


Once the operator was selected, the purpose, procedure 
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and scope of the study were explained to him. He was in- 
structed to perform each phase of the study using exactly 
the same method and at the maximum pace which he could at- 
tain. He was essured that the motion pictures would not 
be used by the company in setting standards or in any way 
whieh would effect the job either directly or indirectly. 
The operator was given an opportunity to ask any questions 
he wished concerning the procedure and objectives of the 
study. In that way it was attempted to obtain the com- 
plete confidence and cooperation of the operator before the 
study was begun. 

The operator first performed the cperation bimanually, 
then with the preferred hand, and finelly with the non- 
preferred hand. A brief practice period was allocated be- 
tween each phase to enable the operator to become adapted 
to performing the operation with only one hand. The op- 
erator's performance was recorded using a motion picture 
camera. A sufficient number of cycles were photographed 
to insure a statistically reliable average cycle time. 

The motion pictures were taken on Eastman Kodak Super 
XX film et 16 frames per second using an Esstmen Kodak 
Cine Special 16 mm. camera with an f 1.9 lens. Photoflood 
lights were used to supplement the light normally available 
to the worker in order to insure satisfactory exposures. 

A microchronometer was placed in the field of view of the 
camera in order to provide a measure of time on the film. 


The film is availabie for reference in the Kotion and Time 
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Study Laboratory, Purdue University. 

after the fllm was processed, it was analyzed. For 
this work, a small, inexpensive, hand-crank operated motion 
picture projector was used to view the film in a darkened 
room. The projector was fitted with a heat dispensing 
adaptor in order that a single frame could be viewed for 
any length of time without danger of burning the film. The 
analysis consisted of determining and recording the time 
required for each cycle. These cycles were not included 
which ineorporated fumbles or irregularly occuring elements 
not inherent in the operation. The procedure used in an- 
elyzing the film was to pick out a well defined therblig* 
in the operation ond record the time value shown on the 
microchronometer cach time that therblig occured. The dif- 
ference between the successive time values becomes the 


cycle time which was computed and recorded. 





4. Mundell, Systematic, p. 105. 
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DATA 


The data for this study consists of a tabulation of 
the eycle times required by each operator to perform his 
particular operation bimanually, with the preferred hand, 
and with the non-preferred hand. These tables, Tablos 3 
through 10, and job descriptions, Figures % through 7, 
appear in the appendix. 

In eacn case a sufficient number of cycles were photo- 
grephed to obtain a statistically reliable mean cycle time 
for each set of data. In order to substantiate this, one 


has only to apply the formla;® 
yi. | 40VMEtP- [Et ) 
dt 


where, 
NL = the number of cycles required to esteblish the 
probability that 95 times out of 100 the aver- 
age cycle time will be within 25% of the true 
average representing the observed performence. 
N = the number of cycles recorded. 
t = the individual cycle times. 
For each set of date Nl was found to be smaller then Kh, and 
thus the reliebility of the meen at the 5% level was es- 
tablished. The &€ conficgence level is an industrially 





S.- M. BE. Mundel, “How Many Reedings in a Time Study," 
("Modern Manegement" Auguat, 1949). 
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Fable ll. 


For methmatical computations see 
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RESULTS 


The mean cycle time required by each operator for each 


phase of the operation is recorded in Table l. 


Table 1 
MEAN JOB CYCLE TIKES. € 


Mean Cycle Time (winks) 








Oper- Oper- Bi- Preferred Non-preferred 
ation ator manually Hand Hand a 
1 1 56.000 50.893 31.710 
2 34.335 28.210 28.270 
3 40.133 33.051 35.088 
2 1 34.895 50.465 61.571 
2 45.3557 55.000 40.553 
5 1 41.621 38.147 40.625 
4 1 250.167 222.818 222.000 
§ 1 177.452 150.850 156.667 


é# wink is a 1/2000th part of a minute. 
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From the sbove results there was computed the percent 
increase in cycle time required when performing bimanually 
and when using the non-preferred hand over that required 
when using the preferred hand. That information is shown 
in Table 2. 
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Table 2 


PERC ENT INCREASE IN CYCLE TIME 
OVER PREFERRED HAND TIMES 





—_— Fo Bimanually Non-Preferred Hand 





ation ator 

1 1 16.531 22645 
2 21.705 0.213 
3 21.427 0.112 

4 1 14.549 3.657 
2 29.591 15.808 

be) 1 9.107 6.496 

4 1 12.274 -0.3568 

3) 1 17.635 5.856 








The mean percent increase in cycle time for bimanual 
operation over that required using the preferred hand alone 


is determined from the above to be 17.8522. 
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DISCUSSION OF RESULTS 


Since the cycle times in two of the eight jobs studied 
were comparatively long, it was believed desirabie to see 
whet effect, if any, the length of cycle time hed upon the 
percent increase in cycle time. a simple correlation co- 
efficient between the two was calculated using the formla: 

3 Ndxy -2xby 
/IVERE(E INE AED 
= 0.34 

This correlation coefficient is not significantly different 
from gero and, therefore, there is little correlation be- 
tween the two items. To further substantiate thie result 
a line of least squares was calculated for thia data and 
was found to have a slope of +.029. The scattergram for 
this data is shown in Figure 1. For mathmatical computa- 
tions see Table 12, 

A histogram showing the frequency distribution of the 
percent increase in cycle times in the class intervals 
O-6%, 5-10%, 10-15%, 15-20%, 20-25% and 25-30% is shown 
in Figure 2. It is clearly evident that the observed values 
are quite symmetrically distributed about the mean which 
was found to be 17.862&% and that, therefore, the mean value 


is the best measure of central tendency. © 





6. Hoel, loc. cit. 
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13. 


Thia value of 18% is clearly significantly different 
from the 30% which was previously found in the Iowa 
studies.’ It 1s indeed probuble that the major contribut- 
ing factor to that difference is the inexperience of the 
operators in the previous experiment. That factor has deen 
minivizged in the present etucy. It is concluded thet the 
18% increase in cyele time is due almost entirely to what 
might be termed difficulty of coordination in bimanual 
activi ty. 





7. Barnes, Mundell, and MeKengrie, op. cit. 
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CONCLUSIONS 


Since it has been shown that an average cperator re- 
quires 18% longer to complete a cycle bimanually then when 
using only one hand, it follows that he must be operating 
at a pace 186% slower in the former case. Yet in each 
ease he was performing at a rate of activity which repre- 
sented his maximum effort. Therefore, the rating assigned 
to the operators performance should be identical in both 
instances. Using pace alone as a criterion, however, the 
operator when performing bimanually would be rated 18% 
lower than when using only the preferred hand. To make 
the ratings identical, a correction of 18% must be added 
to the rating assigned to the bimanual operation. There- 
fore, it is concluded that a secondary adjustment of 187% 
must be made to compensate for job difficulty in bimanual 


operations using a pace-rating syatem of time study. 
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Mean cycle time vs. percent increase in cycle 
time for bimanual over preferred hand activity. 


Figure l. 
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Histogram showing frequency distribution 
Of percent increase in mean cycle time. 


Figure 2. 
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Cperation: Filling carton with individual boxes of Veto. 


Description 
Left Hand Therbdlig Right Hand 
Get box of Veto TE, G, TL Get box of Veto 
Place in carton P, A, RL Plece in carton 


The therblig underlined performed by the right hend is the 
veglnaning of the cycle for the purposes of this time analy-~ 


sis. 





Figure 5. Workplace for packaging Veto. 
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Table 3 
VETC PACKAGING #1 








Bimanually Preferred Hand Non-Preferred Hand 
r t z t T t 
595 315 764 
630 S5 269% 814 20 
675 55 O13 845 SL 
7688 049 06 8'76 1 
806 38 57346 911 35 
919% §66 29 152% 

954 55 616% 165 Ps) 
000# 665% 200 35 
036 36 69 7s 247% 
06 oS 728 S1 273 26 
230% 86 7% 200 27 
267 357 897 30 030 30 
$07 40 955% O75 
S514 030% 4lls 
585 54 068% §43 Se 
423 58 100 Oo2 575 o2 
572s 1445 606 Sl 
612s 171 27 640 56 
650 o8 205 54 675 55 
682 o2 255 350 7035 28 
729% 265 30 7354 OL 
840 502 o7 761 27 
872 32 5934 793 &2 
912 40 434% 827 34 
950 38 464 30 860 33 
978 28 575% 022% 
026% 548 oS 050 28 
o1 54 574 26 078 28 
250 Ket a) 620% 116% 
586 56 650 30 154% 
516% 680 50 185 OL 
6014 710 30 Coos 
642 41 740 350 267 OL 
8554 771 Ol 500 33 
895 40 848% 352 OL 
9404 888s O744 
975 o§ 920 32 41 Ze 
O11 56 960% 549% 
996 56 §83 34 
024 28 615 32 
056 S2 650 55 
086 30 685 55 
1308 720 35 
160 00 752 oe 
1938 Oo 780 28 
226 oo 812 32 
S254 840+ 
o61 28 871 ol 
o78 27 046% 
415% 078 32 
Lill Ps) 
150¢ 
188 
222 RA 

Zt 192 865 1205 

NK ee 28 38 

€ 26.000 50.893 o1e710 


T s 6lapsed time, t = cycle time, N = number of cycles 

% s mean cycle time. Note: Symbols apply to Tables 3 - 10. 

“Cycle time not included because of fumble or irregularly 
occuring element. 
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Bimanuall 
T 


eZ 


210% 
253% 
293 
327 
S772 
473% 
510 
549 
587 
622 
658 
753% 
792 
830 
869 
911% 
948 
035% 
065 
og9 
158 
187 
218 
200% 
524 
576% 
410 
44e 
469 
550% 
580 
6224 
659 
693 
728 
825+ 
857 
895 
934 
962 
990 
083+ 
122 
157 
193 
225 
250 


Zt 
N 


t 


“Cycle time not included because of fumble or irregularly 
occuring elemente 


1133 
53 
546535 


Table 4 


T 


580 
406 
456% 
509+ 
535 
558 
591 
621 
652 
T43% 
770 
797 
830 
865 
897 
936% 
964 
985 
008 
037 
059% 
092 
192s 
220 
9684 
o5Le 
580 
411 
456 
460 
490 
520 
552 
638% 
664 
690 
740% 
785% 
828% 


8672 


946% 
974 
998 
O85+ 
111 
142 
172 
202 
254 
264 
PASH 
SL7 
S614 
386 
412 


L072 


58 


28.210 


VETO PACKAGING #2 


preferred Hand 
. one # 


26 


26 
25 
3S 


SL 


27 
27 
595 
55 
o2 


28 
21 
25 


oS 
28 


28 
ol 
25 
24 
50 
50 
o2 


26 
26 


28 
24 


26 
ol 
30 


Se 
50 
27 
£6 


25 
26 


745 
770 
793 
818 
847 
860% 
885 
O55 
095% 
125 
158 
1835 
208 
245 
269 
294 
576% 
405 
434 
463 
493 
528 
560 
586 
612 
640 
668 
695 
787% 
826% 
856 
885 
966% 
O05* 
034 
067 
110 
148% 
177 
296% 
225 
254 
284 
324% 
452 
480 
507 
5352 
557 
587 


1046 


57 


28.270 


25 
20 
25 
29 


25 


50 
oO 
20 
25 
57 
24 
25 


29 
29 
29 
50 
35 
52 
26 
26 
28 
28 
27 


50 
29 


29 
oS 


29 


29 
29 
50 


28 
28 
27 
25 
25 
bu 


206 


Non-Preferred Hand 
m t 
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Table 5 
VETO PACKAGING #3 





Bimanuall: preferred Hand NonePreferred Hand 
"a 5 : t r t 
265* 142s Pi Ah 
308 43 193% 251 24 
347 39 246% 282 ol 
403% 204% 324% 

446 43 $37 53 556 $2 
555+ 376 o9 566% 
§90 25 426% 598 32 
631 41 486% 632 54 
670 o9 5312 666 54 
707 O7 562 $1 699 33 
750 43 623% T4224 
837% 670% 770 28 
877 40 705 35 799 29 
938% TO? 32 830 31 
985 47 450 863 oS 
049% 492 42 894 ol 
084 35 §28 36 045% 
201% 565 37 O75 32 
237 56 635% 108 35 
275 38 759% 142 ot 
246% 789 30 175 33 
384 o8 813 24 215 40 
422 38 8435 30 249 o4 
54 '7% 876 33 280 OL 
586 59 962% o14 o4 
624 38 992 30 345 o1 
664 40 025 50 376 ol 
708 ae 064 59 428% 
47 39 094 Ke @] 57o% 
865% 130 56 613 40 
900 37 172 42 666+ 
938 28 202 30 696 30 
977 39 237 55 756 40 
015 58 270 35 767 ol 
054 39 300 oO 804 o7 
166% 2350 30 836 32 
206 40 443% 878 42 
255 49 470 27 921 43 
528% 496 £6 958 37 
567 og 527 ol 989 ol 
415 48 560 Xo Po) 145% 
507 §96 36 174 29 
552 45 628 oe 202 28 

659 ol 248% 

687 28 

715 28 

787 42 

782 25 

899% 

930 ol 

oT op § ol 

004 43 

046 42 

O9nn 

‘1°28 33 
Zt 1204 1289 1125 
Xk 30 og o4 
t 40.133 53.081 55.088 


#Cycle time not included because of fumble or irregularly 
occuring element. 
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Operation: Filiing carton with individual tooth powder cans. 


Description 
Left Hand Therbdlig Right Hand 
Get can of tooth powder TE, G, TL Get ean of tooth 
powder 
Place in carton P, A, RL Place in carton 


The underlined therblig performed by the right hand is the 
start of the work cycle for the purpose of this time analy- 
sis. 





Figure 4. Workplace for tooth powder packaging. 





Bimanually 
2 & 
602% 

681% 

730% 

762 32 
888s 

927 59 
976 

O15 39 
O92s 

123 ol 
255% 

287 52 
324 O7 
260 56 
406% 

570% 

601 31 
635 34 
670 o5 
705 35 
738 53 
879% 

918 39 
952 34 
023% 

led 

265% 

295 00 
330 o§ 
O77 

415 38 
455 40 
608% 

645% 

686s 

728% 

761 ro Pe) 
805+ 

926% 

982 

Zt 665 

N 19 

t 64.895 


Cycle time not included because of 
Occuring element, 


Table 6 


m 
540% 
567 
619% 
649 
677 
707 
755 
764 
795 
822 
945% 
976 
004 
035 
064 
095 
124 
155 
192s 
222 
255 
445% 
635% 
570 
670s 
702 
734 
762 
7193 
825 
926% 
957 
985 
017 
O55 
085 
117 
147 
183 
216 
246 
268s 
425% 
464 
492% 
622 
554 
585 
626* 
685% 
720 
751 
Yo. 
9S0e8 
956 
986 


1249 


41, 


50.504 


TOOTH POWDER PACKAGING #1 


Preferred Hand 


Coe 


Non-Ppreferred Hand 
t 





fumble or irregularly 


i S £ 
568% 
27 405% 
439 354 
30 560% 
28 590 30 
30 616 26 
28 647 Sl 
29 687 
SL 718 ol 
27 7614 
802% 
31 832 30 
28 862 30 
ol 891 PAS) 
29 929% 
OL 036% 
29 076% 
ol 110 34 
140 30 
30 184% 
oS 248% 
280 32 
330% 
55 372% 
407 35 
Se 444 37 
32 475 ol 
28 611+ 
31 645 54 
ce 684 
725% 
ol 764% 
28 795 ol 
Se 827 32 
857 30 
30 887 50 
S2 918 é1 
30 9535 35 
36 984 ol 
53 155% 
30 183 28 
213 30 
247 34 
29 287% 
218 ol 
00 351 35 
32 585 34 
31 
35 
ol 
30 
26 
350 
884 
28 
61.571 





Gear 26% nasens, * Mem st 


- é 


: 3 9a8 % S83 G8 a saa 





Ngseeen iy 9% 


Bimanually 
z t 
620% 
661 41 
715% 
75% 
2239 44 
91 7% 
OS2e 
O95 43 
LEls* 
245% 
292 4.7 
o4 58 
480% 
525 45 
S72 47 
625% 
6E8x 
T37 49 
262% 
$01 o9 
949 48 
129% 
267% 
o10 43 
é 70% 
418 48 
4°74% 
522 48 
647% 
690 43 
740 SO 


LEELA A CO I CE eee UI Cran Srteentben tae 


Zt 
u 
t 


“Cycle time not included because of fumb 
Cccuring element. 


655 
14 
45.357 


Table 7 


Preferred Hand 
7 


425% 
459 
492 


“> (~ 
O25 


558 
593 
640% 
675 
TS4% 
767 
805 
914% 
047 
980 
018 
054 
1LO7# 
L51s 
185 
255s 
295 
oo2 
70 
485% 
S548 
591 
627 
666 
Ville 
76 3 
855+ 
B85 
985% 
O94 
132 
170 
197 
252 


- 270 


299 
o45% 
o82 
429 
452 
485 
EC4+% 
620 
650 
68S 
720% 
760 


L180 
54 


25.000 








FOOTH POWDER PACKAGING #2 


t 


54 
5S 
OS 
oS 


o5 
05 


53S 
06 


oo 
OO 
o8 
06 


of 


40 
o7 
68 


o7 
56 
39 


SO 


38 
38 
27 
35 
38 
29 


57 
S7 
53 
0S 
56 
oO 
39 


o7 


555% 
o92 
440% 
496% 
ESOs 
625 
668 
710 
765% 
805 
9OlSs 
Gb4 
985 
024 
O65 
Leste 
165 
206 


L259 
OL 


40.533 


ov 


45 
43 
42 


40 
£35 


39 
41 


42 
41 
42 
og 
og 
59 


45 
ay 
40 
58 


40 
45 
40 
o5 
42 
08 


43 
359 


42 
2 
56 


le or irregularly 


Non-Preferred Hand 
t 
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25. 


Cperation: Pilling carton with bottles of Halo. 


Description 
Left Hand Therblig Right Hand 
Get bottle of Halo TE, @, TL Get bottle of Halo 
Pleaee in carton P, A, RL Place in carton 


The therblig underlined performed by the right hand represerts 
the start of a cycle for the purpose of this time anslysis. 





Figure 5. Workplace for Packaging Halo. 





Table 8 


HALO PACKAGING 






26. 





Bimanually preferred Hand Non-Preferred Hand 
7 t fr t = : 
499% 872% 890% 
544 45 911 39 951 41 
67 Si 960% 975 42 
71é 59 040% 0404 
756 44 O85 45 O90 
795 39 124 39 1352 42 
855 40 257% L'70 58 
878 43 300 435 220% 
156% 357 57 282% 
185 49 372 55 SSSH 
218 53 425% 588% 
208 40 459 56 525% 
502 44 498 39 563 40 
422% 540 42 610 47 
460 58 578 58 652 42 
502 42 624 46 717% 
542 40 664 40 757 40 
582 40 699 05 808+ 
628 46 828% 847 39 
754% 878% 905% 
796 | 916 58 960% 
842 | 955 59 010% 
880 38 008s pe 
920 40 046 58 ke 
979% 085 39 265 58 
1LO7% 122 57 507 42 
148 41 LOS* 547 40 
189 41 274 39 459% 
226 o7 S12 58 495 56 
264 58 458% 540 45 
o10 46 474 56 575 35 
417% 513 59 618 43 
454 57 549 56 
528% So9e 
564 56 656 o7 
605 59 673 37 
656% 711 58 
796% 748 57 
856 40 790 42 
877 41 627 57 
917 40 B65 37 
960 43 003 40 
007 47 037 54 
151% 066 SL 
L172 41 102 54 
216 44 
265 47 
510 47 
S57 47 
zt 1540 1297 650 
N 57 Oo 16 
t 41.621 58.147 40.625 


#Cycle time not included because of fumble or irregularly 
occuring element. 
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27. 


Operation: Assembling faucet sub-assembly. 


peseri ption 

Left Hand Therblig Right Hand 
Get sew TE, G, P Get saw 
Assemble with fixture A, RL Aasemble with fixture 
Get washer TE, G, TL Get washer 
Aasemble with screw P, A, RL Assemble with screw 
Get swivel TE, G, P Get swivel 
Assemble with screw A, RL Assemble with screw 
Disassemble from fixture TE, G, TL Disassembie from 

rixture 
Assemble with tighten- Assemble with tighten- 

ing board P, A, RL ing board 


The underlined Therblig represents the performed ect by the 
right hend beginning a cycle for the purposes of this time 
analysis. 





Figure 6. Workplace for assembling faucet sub-assemblices. 
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Table 9 
FAUCET SUBeASSEMBLY 





Bimanually referred Hand Non-Preferred Hand 
t : t ? t 
258% 1182 9884 
501 263 S72 254 212 224 
726 224 590 218 436 224 
980 255 808 218 662 226 
259 271 043 255 876 214 
495 236 SO8s 160% 
759 264 B11 205 
024 265 725 214 
4264 922 197 
696 270 ol 7% 
9854 530 213 
410 7964 
7008 035 239 
926 226 284 249 
140 214 456% 
391 251 741% 
689R 7708 
0654 961 211 
328 263 
626% 
Zt 3002 2451 888 
x 12 11 a 
t 250.167 222.154 222.000 


“Cycle time not included because of fumble or irregularly 
occuring element. 
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Operation: 


Left Hand 


jet sleeve 

Assemble with fixture 

OCet washer 

Kgsemble with fixture 

360 screw 

Assemble with sleeve 
and washer 


De seription 


Therblig 


TE, G, TL 
p, A, RL 
TE, G, TL 
P, A, RL 
fE, G, TL 


P, A, RL 
BA, RL 


Assembling wett-hour meter sub-assembly 


Right Hand 


Get sleeve 

Assemble with fixture 

Get washer 

Aasemble with fixture 

Get screw 

Assemble with sleeve 
and washer 

Trip fixture release 


The therblig underlined performed by the right hend repre- 
senta the beginning of a cycle for the purpose of this time 


analysis. 





Figure 7. 
watt-hour meter sub-assembdl 


Vorkplace for assemb1! 


Fable 10 


ASSEMBLING SLEEVE AND WASHER TO BOLT 


Bimanually 
= & 
T5U% 

918 168 
155 217 
o5c% 

5964 

788 190 
009 221 
152 143 
556% 

775 219 
915 140 
084 169 
259 155 
685 146 
580 195 
791 211 
960 169 
103 1435 
3288 

496 158 
656 1690 
841 185 
O11 170 
211 200 
770% 

946 176 
0&9 143 
254 145 
421 197 
601 171 
805 204 
009 204 
RET 

24 167 
594 190 
775 181 
962 187 
139 177 
Zt §501 
Nu ol 
t 177.452 


Gy 
OS Ts 
255 
427 
653 
740 
867 
125 
255% 
4350 
536 
740 
&74 
OSS 
237 
704% 
&74 
015 
L152 
204 
456 
€17 
742 
876 
Giz 


preferred Hend 


t 


198 
192 
126 
187 
127 
168 


175 
156 
154 
156 
185 
178 


170 
141 
137 
152 
152 
161 
125 
154 
136 


5290 
21 
156.667 


x t 
TOT 
B74 167 
054 180 
1°79 125 
S16 137 
483 167 
645 162 

10 165 
¢58 148 
093 135 
231 138 
380 149 
526 146 
SB) 128 
785 131 
QF 145 
112 181 
€4 7x 

E67 

9°26 129 
177 181 
KAA 3) 149 
460 1&4 

©6017 
20 
150.850 


#Cycle time not included because of fumble or irregularly 


occuring element. 


50. 


Non-Preferred Hand 
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var 3 
s 4 


PitGee wl os aed 86 Chores? Deby ioe) tas oer! eloqie 
,irewnle gt horepe 


"t 


mF 12 


Oper= Oper- 
ation ator 
1 1 

© 
© 
2 1 
© 
3 1 
4 1 
S 1 
1 1 
2 
3 
2 1 
2 
3 1 


Table 11 


CALCULATION cF wt 


preferred Hand 
Non-preferred 
Bimanually 


preforred Hand 
Nonepreferred 
Bimanually 


Preferrec hend 
Non-preferred 
Bimanually 


PreferreG vad 
Non-preferred 
Bimanually 


Preferred tiaend 
Non-preferred 
Bimanually 


Preferrec iand 
Non-preferred 
Bimanually 


Preferred liana 
Nonepreferred 
Bimanually 


Preferred Hand 
Non-preferred 
Bimanually 


Preferred Hand 
Non-preferred 
Bimanually 


Preferred liand 
Non-preferred 
Bimeanually 


Preferrec Hand 
Nonepreferred 
Bimanually 


Preferred Hand 
Non-preferred 
Bimanually 


Preferrad naiid 
NOon-preferred 
Bimanually 


Ppreferre ‘Tan 
Nonepreferred 
Bimanually 


Zt 


865 
L205 
792 


1082 
1046 
LLSE 


L289 
1125 
1204 


1249 
854 
665 


1190 
L216 
655 


1297 
650 
1540 


2888 
BEE 
5002 


S017 
3220 
§501 


(Z2t)2 


748225 
1452025 
627264 


1149184 
1094116 
1285689 


1661521 
1265625 
1449616 


1560001 
781456 
459569 


1416100 
1478656 
403225 


1682209 
422500 
2571600 


Et? 


26921 
58459 
28716 


90644 
2991 € 
S9SG1 


45515 
OT791 
48602 


SBESL 
28064 
2000 7 


41960 
4945¢ 
28941 


49772 
26550 
64556 


nz t* 


755 788 
1461442 
651752 


1164472 
1106882 
1299605 


1697085 
1284694 
1460760 


1567635 
785792 
442633 


1426640 
1484580 
405174 


1692486 
424800 
2389682 


549615 
755<70 


461581 
526104 
994191 


NZt&~ 
(£t)* 


5565 
9417 
4485 


15286 
L2776 
16214 


55564 
19269 
11144 


7634 
4356 
5264 


10540 
5924 
1949 


10277 
2000 
18062 


60457650 


9064440 


9227620 
11048184 
60819921 


N 


28 
58 
we 


58 
37 
oS 


o9 
o4 
50 


41 
28 
19 


34 
50 
14 


o4 
16 
o7 


x 


11.9 
10.4 
11.4 


20.9 
18.7 
20.25 


0405 
2405 
12.3 


79 
10.0 
11.9 


11.9 
God 
7.4 


10.1 
8.7 
12.2 





Oper- Oper- 
stion ator 


Table 11 (Continued) 


(2t)2 wee? 
(Z¢)® 


preferred Hand 6007401 38364 
Non-preferred 
Bimenually 9012004 62456 


Preferred Hand 9102289 125331 
Non-preferred 1082410 224084 
Bimanually 50261001 S58920 


Li 
12 


ol 


10.1 
9.5 

22 

29.4 





Table 12 


COMPUTATION CF CORRELATION COEFFICIENT 


BETWEEN MEAN CYCLE TIMES FOR PREFERRED HAND OPERATION 
AND PERCENT INCREASE IN CYCL® TIME FOR BIMANUAL OPERATION 


Operation Operator Cycle Time 
x 
1 L 50.893 
e 28.210 
3 55.051 
2 1 50.463 
2 55.000 
3 1 38.147 
2 1 222.818 
5 L 150.850 


zx 569.432 
x x2 76829.607 
2x Sy 81326.709 


Line of Least Squares. 


- i. WE xy -2xE — 
a = slope = VEXEE DE = ©.027 
4 
be yintercept - £¢2y-2x24Y . 15.970 
. ane NE X=(Ex) . 


zy 
= y* 
Zxy 


Percent Increase 


y 
16.531 
21.705 
21.427 


14.549 
29.591 


9.107 
12.610 
17.635 


143.155 
2843. 741 
9127.445 





iT Eps 
a64.¥i 








— & & Bk 





o4. 
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